On the other hand, methachromagy based on ion-association reactions with anionic dyes was used for the assay of cationic surfactants. [10] [11] [12] Moreover, floatation 13 and solid-phase extraction 14, 15 were proposed for the sensitive determination of cationic surfactants, and ion-exchange resin columns 15, 16 were used to enhance the practicability. However, these methods had a large reagent blank, and the procedure is tedious. For nonionic surfactants, although solvent extraction is useful, 17, 18 it needs to remove interference from the cationic surfactants. Ionassociation titration has been proposed as a simple and selective method with a lessened solvent for the determination of quaternary ammonium salts and nonionic surfactants by the authors' group. 19, 20 The color change in the proposed method occurs without a phase transfer, that is, only in the organic phase. In this case, a sharp end point could be provided. Consequently, the extraction procedure is required to enhance the selectivity in practical analysis.
The present paper deals with reproducible ion-association titration for the simultaneous determination of cationic and nonionic surfactant without separation.
Experimental

Reagents
A sodium tetrakis(4-fluorophenyl)borate (CESB, 5 × 10 -4 M) standard solution was prepared by dissolving 0.0563 g of sodium tetrakis(4-fluorophenyl)borate (Dojindo Lab.) in 250 ml of distilled water.
A benzalkonium chloride (5 × 10 -4 M) solution was prepared by dissolving 0.0460 g of benzalkonium chloride (Tokyo Kasei Co.) in 250 ml of distilled water.
Trimethylstearylammonium chloride (5 × 10 -4 M) was prepared by dissolving 0.0435 g of trimethylstearylammonium chloride (Tokyo Kasei) in 250 ml of water.
Triton X-100 (5 × 10 -3 M) solution was prepared by dissolving 0.7812 g of Triton X-100 (C14H21O(CH2CH2O)9.5H, Sigma Chemical Co., FW:624.9) in 250 ml of distilled water.
5 × 10 -3 M Emulgen 120 (C12H25O(CH2CH2O)13.7H, Kao Soap, FM:788.8), Emulgen 147 (C12H25O(CH2CH2O)18.5H, Kao Soap, FW:1000) and Emulgen 430 (C12H25O(CH2CH2O)26H, Kao Soap, FW:1412) were prepared in the same manner described above.
Brij-35 (5 × 10 -3 M) solution was prepared by dissolving 1.498 g of Brij-35 (CH3(CH2)10CH2(OCH2CH2)23OH, Katayama Chemicals, FW:1199) in 250 ml of water.
Indicator (1 × 10 -3 M TBPE·H/DCE) and Tris buffer (pH 8) were prepared according to the reference. 19 4 M potassium chloride and 3 M barium chloride solutions were prepared by dissolving of a proper amount of each salt in distilled water.
1,2-Dichloroethane (DCE) was used without purification.
Procedure A 5 ml portion of a cationic surfactant (CS + ), 5 ml of a nonionic surfactant (Nonion), 5 ml of a buffer, two drops of a TBPE·H/DCE solution and 5 ml of DCE were placed into a 100 ml Erlenmeyer flask. The mixture was titrated with 5 × 10 -4 M CESB with stirring. At the first equivalence point, the color changed from blue to yellow. Then, 5 ml of 4 M potassium chloride was added and the mixture was titrated again. At the second equivalence point, the color turned to yellow from blue. The ion-association reaction was as follows:
For a cationic surfactant: Consequently, in a series of titrations with CESB -, a cationic surfactant could be determined at the first stage, and after addition of potassium chloride, a nonion could be determined at the second stage.
Results and Discussion
Effect of the pH
The effects of the pH on the extraction of cationic surfactants with TBPE were studied and pH 8 was selected for the formation of an ion-associate. Also, over pH 8 was suitable for the (K·Nonion + ) associate. In this study, pH 8 was chosen for the simultaneous determination of cationic and nonionic surfactants.
It is well known that polyoxyethylene derivatives can form spirals which can trap metal ions. In previous work, 18 barium, sodium and potassium ions were investigated for metal-nonion complex formation. Because potassium ion was best, 4 M potassium chloride was used in this work. Toei et al. and Tsubouchi et al. described that noionic surfactants which have the same polyoxyethylene chain length can catch the same amount of potassium ion, regardless of the kind of alkyl or alkylaryl group; the longer is the polyoxyethylene chain, the greater the amount of potassium combined. 20,21 After 5 ml of 4 M potassium chloride was added to a 5 × 10 -4 M nonionic surfactant and shaken vigorously, the mixture was titrated with a 5 × 10 -4 M CESB solution. Table 1 gives the valency estimated by the volume of the titrant. The valency of K + -Triton X-100 and -Emulgen 120 were about 1 and those of Brij-35 and Emulgen 147 around 2. Also, the volumes of CESB for 1 mg of a nonionic surfactant are given in Table 1 . The volumes were between 3.23 and 3.69, and the volume required for the same weight of a nonionic surfactant was almost constant.
Determination of a mixture of cationic and nonionic surfactants
After 5 ml of 0.184 mg/ml benzalkonium chloride and 5 ml of various concentrations of Triton X-100 were mixed, the solutions were analyzed according to the procedure described in Experimental. The results are given in Table 2 . The recoveries of both surfactants were almost 100%. Also, mixtures of benzalkonium chloride and Brij-35 were analyzed, and good recoveries were obtained, as shown in Table 3 . In a mixture of trimethylstearylammonium chloride and Emulgen 120, the recoveries were in the range of 92 -109%, and some scatter was observed compared with others (Table 4) . It seems that a molecular weight of Emulgen 120 is uncertain.
Assay of a commercial rinse
One gram and/or 2 g of a commercial rinse was dissolved in 100 ml of distilled water, and 10 ml of a diluted sample solution was analyzed by the recommended procedure. The results are given in Table 5 . The contents for 1 g and 2 g of the rinse were in good agreement with a small standard deviation. The proposed method is applicable to practical samples. ANALYTICAL SCIENCES SEPTEMBER 2003, VOL. 19 Nonion (mg/g) ± SD Sample 1: A 1.0 g of rinse was dissolved in 100 ml distilled water. Sample 2: A 2.0 g of sample was dissolved in 100 ml water. SD was estimated by 3 determinations.
